Controlling Chaos could be a big factor in getting great stable amounts of energy out of small amounts of not necessarily stable resources. By definition, Chaos is getting huge changes in the system's output due to unpredictable small changes in initial conditions, and that means we could take advantage of this fact and select the proper control system to manipulate system's initial conditions and inputs in general and get some desirable outputs out of undesirable Chaos. In this work, Artificial Neural Networks (ANN) techniques were used to get a desirable output out of otherwise a Chaotic system. That was accomplished by first building some known chaotic circuit (Chua circuit) and then NI's MultiSim was used to simulate the ANN control system. It was shown that this technique can also be used to stabilize some hard to stabilize electronic systems.
Introduction
Chaotic systems control have received the interest of many researchers [1] , due to the fact that chaotic systems, which are known for its Undesirable behavior, could be beneficial in many areas of science and technology. It has many potential applications [2] , such as heat transfer, biological systems, laser physics, chemical reactor, biomedical, economics, weather, and secure communication. Many methods for controlling chaos have been developed, most of which using classic control techniques, such as linear feedback method, active control approach, adaptive technique, nonlinear controller [1, 3] . New methods in chaos control were developed by utilizing intelligent control, such as Artificial Neural Networks (ANN), Fuzzy Logic, Genetic Algorithm and Genetic Programming, to name a few [4] .
In this work ANN intelligent technique was used to control chaos in electronic circuits. A well known chaos model, namely Chua circuit model, was used to implement such technique. After building the electronic circuit, the ANN control was applied to it and through changing ANN weights of the circuit control it was verified that some desirable outputs could be accomplished. This paper is organized as follows. Section 2 is about Chaos and its mathematical aspects and how it could be shown both as a real output on an oscilloscope and as a simulated output of some known electronic circuits such as Chua circuit. Section 3 is a discussion of Artificial Neural Networks (ANN), which was used to control chaos. It also discuss the different parts of the network and its various mathematical functions. Section 4 is a discussion of the ANN techniques that was used to control chaos and show that this work leads to getting some desirable stable outputs out of a chaotic system. The final section contains some conclusions and some suggestions that could lead to improving the efficiency of the controlled chaotic system.
Chaos
Chaos is defined as the property of some non-linear dynamic systems which exhibit sensitive dependence on initial conditions and it is happening when the smallest of changes in a system results in very large differences in system's behavior. [5, 14] The so-called butterfly effect has become one of the most popular images of chaos; the idea is that the flapping of a butterfly's wings in Argentina could cause a tornado in Texas [6] .
Chaos does not mean that things happen at random, chaos is orderly disorder and not random at all, it is unpredictable in the sense that you cannot predict in what way the system's behavior will change for any change in the input [7] .
Lorenz Oscillator
A good example of Chaos is the so called Lorenz Oscillator, where three ordinary differential equations (ODEs) define the chaotic behavior of such Oscillator. These equations are [8] :
Where x,y and z define the state of the system, t is time, and δ, ρ and β are system parameters Generally, the system does not show any kind of chaotic behavior, But for certain values of its parameters like: β = 8/3, δ = 10, ρ = 28, the system may produce the following chaotic diagram (Fig. 1) [9] . Another good example of Chaos occurs when increasing µ in the logistic map equation (x n+1 = µ x n (1 + x n )) beyond 3.3. [9] For µ<3.3, the system oscillates between two values of x (period-2 cycle). Increasing µ any further, makes the system oscillate between four values (bifurcation/period-4 cycle). And as proved in [9] , if we keep increasing µ, period-doublings will happen at smaller intervals of parameter µ (see Fig. 2 
Chua Circuit
Chua' Circuit is one of the simplest types of chaotic systems (see Fig. 3 .a and Fig. 3.b) . Using an oscilloscope one can watch a Chua circuit creating the chaotic double scroll (Fig. 4) , which can be modeled by three equations [11] , which are
Where v 1 and v 2 are voltages across C 1 and C 2 respectively, g(v1) is the conductance of the nonlinear resistance (the equivalent of Chua's diode) and r is inductor's resistance [11] . Since the goal is to control the chaotic behavior of the circuit above by using Artificial Neural Networks (ANN), the next section will be devoted to discussing various aspects of ANN.
Artificial Neural Network (ANN)
ANN is part of Artificial Intelligence (AI) which emphasizes the creation of intelligent machines that work and react like humans [12] . It is based on the biological neural system. The Information that flows through the network affects the structure of the ANN because a neural network changes or learns, in a sense based on that input and its output's feedback. Fig. 5 shows an example of an Artificial Neuron and Fig. 6 shows an example of an Artificial Neural Network [12] . To get some desired output y d , we propagate the neurons' outputs back to the system and that will adjust the weights so as to get the desired output. There are many types of activation functions (see [8] for many examples). The activation function we use here is the sigmoid function (Fig. 8) . 
Using ANN to Control Chaos
To control the chaotic behavior exhibited by Chua circuit, we first built Chua circuit on a breadboard (Fig. 9) , tested it and got the output shown on an oscilloscope (Fig. 10) . Fig. 9 . Chua circuit we built on a breadboard Fig. 10 . The chaotic output of the circuit we built By adjusting the values of the resistance R and C (see Fig.  3.b) it was possible to get rid of the chaotic behavior and forced the circuit to give some desired stable outputs (see Fig. 11 .a thru Fig. 11 .E for response to different choices of R and C). MatLab was also used to simulate the circuit above, using the available Chua circuit's program [6] for its equations, and the expected chaotic behavior happened (Fig. 12.a) . By adjusting the system's parameters we ended up with outputs showing no chaotic behavior. After getting the chaotic behavior by using our electronic circuit built on a breadboard and then by using MatLab available program, VI's Multisim program was used to redraw the electronic circuits for the individual parts of ANN (weights, summing functions, activation functions) (as in [13] ) and then all circuits were connected together. Finally, the output of the ANN big circuit was connected to Chua circuit, and part of Chua's circuit output was feedback to the ANN to adjust the weights accordingly.
Once all circuits were connected together (Fig.13) , it was possible to use different initial values for the ANN weights and then let the ANN, through learning, adjust Chua circuit's parameters so it gives some desired output instead of the Chaotic behavior which it usually manifests. Samples of the output are shown on Fig. 14.a thru Fig.14. c. 
Conclusions
Using Artificial Neural Networks (ANN) proved to be very effective in controlling Chaos; that is getting some desired outputs out of chaotic systems. It was also shown that using ANN could lead to stabilizing chaotic systems. The main problem in accomplishing such desired results was the time taken to adjust the ANN weights, first manually one by one then through adjusting Chua's output resistance, then automatically by the feedback control system. This work could be improved by combining ANN control techniques with some other intelligent control techniques such as Fuzzy Logic and Genetic Algorithms, to get the benefit of all.
